Abstract Background: Prostate cancer is the second most frequently diagnosed cancer and the sixth leading cause of cancer death in males. A systematic review of randomised controlled trials (RCTs) of radiotherapy and other non-pharmacological management options for localised prostate cancer was undertaken. Methods: A search of thirteen databases was carried out until March 2014. RCTs comparing radiotherapy (brachytherapy (BT) or external beam radiotherapy (EBRT)) to other management options i.e. radical prostatectomy (RP), active surveillance, watchful waiting, high intensity focused ultrasound (HIFU), or cryotherapy; each alone or in combination, e.g. with adjuvant hormone therapy (HT), were included. Methods followed guidance by the Centre for Reviews and Dissemination and the Cochrane Collaboration. Indirect comparisons were calculated using the Bucher method. Results: Thirty-six randomised controlled trials (RCTs, 134 references) were included. EBRT, BT and RP were found to be effective in the management of localised prostate cancer. While
Background
Worldwide, prostate cancer is the second most frequently diagnosed cancer and the sixth leading cause of cancer death in males, accounting for 14% (903,500) of the total new cancer cases and 6% (258,400) of the total cancer deaths in males in 2008 [1] . It is currently estimated that 1 in 7 men in the USA will be diagnosed with prostate cancer at some time in their lives (15.3% of men, based on 2008-2010 data), with an estimated prevalence in 2011 of 2,707,821 men living with prostate cancer and an estimated 233,000 new cases for 2014. For those who have the disease, chances of surviving 5 years after diagnosis are good (98.9% based on data from [2004] [2005] [2006] [2007] [2008] [2009] [2010] . Nevertheless, it is estimated that 29,480 American men will die from prostate cancer in 2014 [2, 3] . Aside from reducing life expectancy, prostate cancer is associated with reduced quality of life in terms of decreased sexual functioning, urinary incontinence and changes in bowel function, all of which may occur prior to treatment and/or worsen after treatment [4] .
Prostate cancer also affects society as a whole through premature death and disability as well as resulting human and economic consequences. It has been estimated that approximately $11.9 billion is spent each year in the United States on prostate cancer treatment, with $4.6bn, $6.2bn and $1.1bn spent on initial treatment, continuing care and last year of life, respectively [5, 6] . It is clearly important to ensure that, for those in need of treatment, expenditure is targeted so that the right patients are in receipt of the most effective treatment at the correct time.
Current widely accepted management options include active surveillance, watchful waiting, radical prostatectomy (RP), hormone therapy (HT), radiotherapy, (i.e. external beam radiotherapy (EBRT) or brachytherapy (BT)) and chemotherapy. These approaches are applied individually, sequentially or in combination. High intensity focused ultrasound (HIFU) and cryotherapy are also used but to a lesser degree [7] .
However, there is a lack of systematic reviews of randomised controlled trials assessing these options for prostate cancer, i.e. RP, radiotherapy (EBRT and BT), HIFU and cryotherapy.
In this systematic review, we aim to assess the efficacy [8] and adverse events associated with radiotherapy (EBRT and/or BT) compared with other non-pharmacological management options in patients with localised prostate cancer.
Methods
The systematic review process followed published guidelines [9, 10] .
Inclusion criteria
Our review was focused on non-pharmacological interventions. Pharmacological management of patients was only considered if it was an adjunct to main treatment. Published and unpublished randomised controlled trials were included when they reported on adult men (>18 years) with prostate cancer, treated with any form of radiotherapy (EBRT and/or BT), alone or in combination with HT or RP, in comparison to other relevant management options, i.e. RP, active surveillance, watchful waiting, HIFU and cryotherapy. Outcomes considered relevant for our review included mortality outcomes (overall survival, disease-specific survival), progression outcomes (clinical, biochemical and mixed progression-free survival), adverse events (AE; including genitourinary and gastrointestinal toxicities and sexual functioning), patient satisfaction, treatment failure (TF) and quality of life (QoL). The main outcome was overall survival (OS).
Literature search
Searches were undertaken to identify all relevant randomised controlled trials (RCTs), regardless of language or publication status (published, unpublished, in press and in progress). The following databases were searched up to February 2014: MEDLINE, MEDLINE In-Process Citations and Daily Updates, EMBASE (all via OvidSP) and Cochrane Central Register of Controlled Trials (CENTRAL). In addition, a search of PubMed was conducted in March 2014. The search strategies (keywords) were developed specifically for each database. Appendix 1 presents the search strategy developed to search MEDLINE.
Additional reference checking in retrieved articles and systematic reviews was undertaken and supplementary searches for secondary publications were conducted: Cochrane Database of Systematic Reviews (CDSR), Database of Abstracts of Reviews or Effects (DARE), Health Technology Assessment (HTA) database (via CRD website), International Prospective Register of Systematic Reviews (PROSPERO), National Institute for Health and Care Excellence (NICE) guidance, Guidelines International Network (GIN), National Institute for Health Research (NIHR) Health Technology Assessment (HTA) Programme and National Guidelines Clearinghouse (NGC).
Methods of study selection, quality assessment and data extraction
Two reviewers independently inspected the titles and abstracts identified by the search. For potentially relevant articles, or in cases of disagreement, the full article was obtained, independently inspected and pre-specified inclusion criteria applied.
For each study, data were extracted by one reviewer and checked for accuracy by a second reviewer. A quality assessment based on the methods described in the Cochrane Handbook was performed [11] . Study characteristics and quality were presented in tables. Where details on the risk group (i.e. D'Amico classification) were missing, a surrogate was created which was based on the reported baseline characteristics of included patients. The choice of risk stratification system is considered in the discussion section. D'Amico classified prostate cancer patients into 3 groups: low-risk (prostate-specific antigen [PSA] < 10 ng/ml and clinical stage T1c-T2a and Gleason score 6 6), intermediate risk (PSA P 10 ng/ml, but 6 20 ng/mL or clinical stage T2b or Gleason score = 7) and high-risk (PSA > 20 ng/ml or clinical stage P T2c or Gleason score P 8) [12] . Three pre-specified categories were agreed with clinical experts following consideration of the literature and used to allow the comparison of different dosages of EBRT as monotherapy: low dose (<75 Gy), intermediate dose (75) (76) (77) (78) , high dose (P78 Gy).
Any disagreement during data extraction was resolved through discussion. Abstracts were also included where full manuscripts were unavailable, in line with current guidance [9, 10] .
Study analyses
Tables were used to present relevant results for all studies. All 'head-to-head' comparisons of comparator treatments were performed in line with the Cochrane Handbook [9] . Pooled effect sizes (relative risks (RR)) and 95% confidence intervals (95%-CIs) using random effects (inverse-variance, I-V) methods were only reported where trials were considered to be clinically and statistically homogeneous.
Results
Literature searches yielded 25,867 references. Additionally, searches were undertaken to identify relevant systematic reviews, technology appraisals, guidance and guidelines. These additional searches, aimed to identify supplementary primary studies, retrieved a total number of 826 hits. After removing 9,143 duplicates, a total of 17,550 references were available for screening (see Fig. 1 ).
Titles and abstracts were screened and 492 potentially relevant papers ordered as full texts. Of these, 134 references (relating to 36 individual studies) were included. A list of excluded studies is available on request.
Characteristics and risk of bias of included studies
Nearly all of the included studies have been conducted in Europe or North America, (34 out of 36) and two studies were carried out in Australia and New Zealand as well as China, respectively. On average, the 36 studies included 345 patients (median 212, total 11,731; two abstracts did not report patient numbers).
As detailed in Table 2 , few studies reported patient risk stratification and those that did used a variety of classifications. Five studies [46, 53, 68, 83, 159] (including one with follow-up < 5 years) based risk stratification on the D'Amico classification (see Table 1 ); in one study [49] patients were stratified according to risk as defined by the National Comprehensive Cancer Network (NCCN); another two studies [96, 82] (including one small study n < 50 patients) used the Partin classification while Holmberg et al. [146] defined low risk patients based on Gleason score and WHO grade. In order to allow a more transparent way of comparing the risk grouping of included patients, a D'Amico surrogate was extracted based on the baseline characteristics reported by each study (see Table 1 ). Two studies included patients stratified to a single risk group ( [14] (small study) [83] ). The other studies assigned patients to two (n = 10) or three risk groups (n = 22), while two studies provided insufficient baseline data which prevented assignment of their patients to risk groups [157, 123] (one study: unknown size and follow-up).
None of the studies fulfilled all pre-specified quality criteria [11] . Common sources for potential risk of bias included missing or insufficient details on randomisation procedure, allocation concealment and the lack of blinding of patients, physicians and outcome assessors.
Summary of direct comparisons
Key survival-related findings for each treatment are presented in Table 2 . Relative effects are grouped as 'greater than' (i.e. statistically significant difference (p 6 0.05) in favour of A), 'no significant difference' (p > 0.05) and 'worse than' (i.e. statistically significant difference (p 6 0.05) in favour of B; see columns). A full version of the table, including all assessed outcomes, is available as an online Appendix.
These results are also presented in a network diagram showing the survival-related relative effects of all included studies for each identified comparison (see Fig. 2 ). Endpoints for which no statistically significant differences were reported are represented by the grey double lines. In contrast, endpoints for which a statistically significant effect was found are represented by the coloured lines where the arrow points to the treatment with the higher relative effect. The numbers of studies reporting on each outcome are given in brackets while letters refer to the risk grade of patients included in the studies (D'Amico surrogate). A full version of the network is available as an online Appendix. Outcomes relevant to mortality and/or disease progression are highlighted in bold.
Summary of pooled estimates
For some comparisons of overall survival, available data allowed pooling. Comparisons of EBRT (low dose) with: (1) EBRT (low dose) combined with HT; (2) EBRT (low dose) + BT, i.e. combined dose escalation; as well as (3) EBRT (high dose) were all possible. Furthermore, pooling was possible for two studies comparing RP with watchful waiting and RP with RP followed by EBRT. Only one of these comparisons showed a statistically significant advantage, as shown (Pilepich, 1995; Zagars, 1988) , n = 534, low-high risk)
EBRT (low-high dose)
EBRT (low-high dose) ± HT: bPFS ( in Fig. 3 . Based on six studies, the pooled estimate for comparison of EBRT (low dose) with EBRT (low dose) + HT was RR 1.21 (95%-CI 1.12-1.30) in favour of the combined treatment. Life expectancy for low to high risk patients does appear to improve when HT is added to low dose EBRT, however there is a suggestion that this improvement may be at the cost of a loss of sexual functioning (see information on D'Amico et al. [60] in Table 2 ).
Where 'head-to-head' trials (i.e. A versus B) were not identified, it was originally planned to perform indirect comparisons. The RRs (with 95%-CIs) for A versus B would have been estimated using 'indirect' methods [13] . However, clinical differences in patient populations prohibited indirect comparisons.
Findings of the review
Based on an extensive search of the current literature, 36 relevant studies were identified, allowing twelve different pair-wise comparisons.
Findings from direct comparisons suggest that EBRT, BT and RP are effective treatments for localised prostate cancer and that post-operative EBRT is also effective but might be associated with additional toxicity; see Fig. 2 and Table 2 .
Evidence from two smaller trials (n = 208), comparing BT with RP in patients with low to intermediate risk cancer suggest similar biochemical disease-free survival when compared with RP, with favourable results for BT in terms of sexual functioning [14] [15] [16] [17] [18] [19] . The effects on urinary function are unclear. While one study reports statistically significant greater and more short-term urinary problems, the other study suggests late changes (after 5 years) in urinary function in favour of BT. Use of BT in higher risk patients has not been evaluated in any of the included RCTs.
In the light of the specific techniques employed in trials, higher doses of EBRT result in favourable survival-related outcomes (overall and progression-free survival) but might be associated with more side effects (GI-and GU-toxicity), depending on technique. Combining EBRT (low dose) with hormone therapy showed statistically significant advantages in terms of overall survival (see Fig. 2 and Table 2 ).
Discussion
In this systematic review, we aimed to assess the efficacy and adverse events associated with radiotherapy (EBRT and/or BT) compared with other management options in patients with prostate cancer.
Comparison with other reviews
A number of recently published systematic reviews assessed comparators identified and discussed here. Most of these reviews did not identify any RCTs relevant to the respective question which is in agreement with the findings of this report, e.g. Cordeiro 2012 (HIFU) [20] and Dahabreh 2012 (active surveillance) [21] . Stephenson et al. [22] aimed to "review the data concerning the pros and cons of immediate or adjuvant RT, or of an approach involving delayed or salvage RT once BCR [biochemical recurrence] occurs". They identified three RCTs also included in this review [131, 136, 138] . A systematic review on low-dose-rate brachytherapy for localised prostate cancer by Peinemann et al. [23] included one randomised controlled trial [19] also identified for this report.
Another systematic review included only non-randomised studies [24] . Based on 140 non-randomised studies which assessed 11 different treatment types, Grimm et al. concluded that "in terms of biochemical-free progression, brachytherapy provides superior outcome in patients with low-risk disease". This conclusion is broadly in line with the findings of our review of randomised controlled trials where the study by Giberti et al. [19] including 174 patients showed no significant difference of biochemical progression-free survival between BT and RP. However, the RCT showed a statistically significant advantage of brachytherapy regarding patient satisfaction and self-reported sexual functioning (see Fig. 2 and Table 2 ).
Strengths, limitations, uncertainties
The systematic review process followed published guidelines [9, 10] . In order to try to identify all potentially relevant evidence relating to the review question as well as to reduce the risk of publication bias, an extensive range of resources was searched. In addition, reference lists of included studies were checked to identify further relevant studies. Published and unpublished trials (such as conference abstracts) irrespective of size or follow up period were eligible for inclusion. However, the size and duration of trials was considered when appraising the evidence. Although this review sought wherever possible to reduce the risk of bias during the review processes and analyses, the findings may still be subject to certain limitations and uncertainties beyond our control. One such factor would be the small size of trials which means that important effects, or non-effects cannot necessarily be detected because of underpowering.
The reliability of the findings might be further limited by methodological or reporting weaknesses of the included studies. Results of four studies were only reported in abstracts, which made it difficult to assess the risk of bias and hence comment on the reliability of the findings. Our inclusion criteria are designed to be comprehensive so that no study of potential value is missed. However, this inevitably means that some studies will be included which provide very little evidence of direct use but future researchers can be confident that nothing has been overlooked.
Matching of patients to treatment is facilitated by stratifying patients into risk groups. There is currently a debate as to how patients should be stratified according to risk factors [25] . In this systematic review, the D'Amico risk group classification was used [12] because it was most prevalent within the literature although we are aware that other systems have been used, e.g. the system of the National Comprehensive Cancer Network (NCCN) [26] .
However, there was considerable variation in the way eligible populations were described and definitions of patient characteristics were sometimes imprecise, meaning that patients could only be described as having "low to high risk" disease.
We have sought to report on evidence which has already been reported. We are aware that many ongoing studies (e.g. the Prostate Testing for Cancer and Treatment (ProtecT) trial) offer potential to considerably increase the knowledge pool. Keeping abreast of emerging research is a challenge faced by all systematic reviews.
Implications and recommendations for further research
Further large, methodologically robust randomised controlled trials are needed. These need to be compliant with established reporting standards, use relevant outcome measures collected over long follow-up periods and report data in a form that can be extracted and incorporated into databases and meta-analyses.
It should be noted that such trials are logistically very difficult to complete due to funding issues and patient and physician preferences. However, this review identified ten ongoing studies which might be able to fill gaps in the current evidence base, thereby demonstrating that RCTs are actively being conducted in this area but it should be noted that this list might not be complete [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] . The ProtecT trial will help in this regard and should inform which of radiotherapy, radical prostatectomy and active surveillance should be used in daily clinical practice [40] .
Conclusions
Evidence from this systematic review suggest that, when used appropriately, external beam radiotherapy, brachytherapy and radical prostatectomy can result in improved overall survival, progression-free survival as well as functioning (urinary/bowel/sexual) in localised disease. All treatments have their unique adverse events profiles.
Our ability to make firm recommendations for specific risk-stratified sub-groups or variants of main technologies is limited by the way these issues have been described in the literature. This review provides information as to how such issues might be addressed in future studies.
Further large, methodologically robust, randomised controlled trials are needed to report treatment-specific and treatment combination-specific outcomes in defined prostate cancer risk groups. These will provide the evidence base for the relatively newer therapies, e.g. HIFU, help reinforce current consensus guidelines, establish greater standardisation across practices and point the way towards research gaps.
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